Abstract: e present paper presents and discusses the airglow phenomena and its importance on research activities
Introduction
e Airglow group (LUME) of the Aeronomy Division (DAE) of the National Institute for Space Research (INPE) uses optical equipment in order to study atmospheric phenomena related the physical and chemical processes that occur in the middle and high atmosphere (region above 80km). The LUME group has been operated optical equipments systematically at the Commandant (Fritts et al., 2012) . e operation of the meteor radar simultaneously with optical observations of the atmosphere will allow a better understanding of the wave's phenomena in the middle atmosphere and its connections with lower atmosphere, such as meteorological phenomenon and planetary waves.
Gravity wave studies in Antarctica through the monitoring of airglow emissions have emerged in the last decade (Espy et al., 2004; Nielsen et al., 2006 Nielsen et al., , 2009 Bageston et al., 2009 Bageston et al., , 2011a . Investigation of gravity wave sources, as observed in the mesosphere with airglow imager, over the King George Island and also above the Antarctica Peninsula is a current subject of study. In this type of study, winds and temperature data are used in combination with the http://dx.doi.org/10. 4322/apa.2014.092 observed gravity wave parameters through airglow imagers and reanalysis data. Furthermore, images taken from meteorological satellites are used to correlate the origin of mesospheric waves to the meteorological phenomenon in troposphere. In the present article we will provide the basic de nitions of the airglow and aurora phenomena.
Also, it will be showed two important instruments (airglow cameras) used in the monitoring of the mesospheric temperature and in the observation of gravity wave above the Commandant Ferraz Station. Some examples of observed data will be shown in the result section.
Materials and Methods

e Phenomena of Airglow and Aurora
Airglow is an optical phenomenon of the high atmosphere which occurs both during the day and at night. ese • Source: http://www.atoptics.co.uk/highsky/auror3.htm. • e Airglow emissions as a tracer of the atmosphere e emissions of Airglow have been used to monitor the atmosphere remotely. e main applications are related to the mesospheric temperature, wind and the dynamics of the Mesosphere/ ermosphere (Taylor et al., 1995; Smith et al., 2003; Medeiros et al., 2007; Bageston et al., 2007 Bageston et al., , 2009 ; e usage of airglow as a means of observing atmospheric waves has shown itself to be very important way to study and understand the dynamics of the high atmosphere and its correlation with the lower atmosphere and other upper phenomena (such as the plasma bubbles). ese waves are mechanical oscillations in the atmospheric medium, with typical periodicity from approximately 5 minutes to hours and with a horizontal scale of tens and hundreds of kilometres. e optical instrument used to detect these waves from the ground is called "all-sky airglow imager", which is composed by an optical system with a lens called " sheye" with a eld of view of about 180° (all-sky view), Airglow filters and a high sensitivity CCD sensor are important parts of an all-sky airglow imager. Observations of mesospheric gravity waves at EACF were undertaken for the rst time in 2007 during a campaign of observations which occurred between March and October of that year (Bageston et al., 2009) . Figure 4 shows the all-sky imager used at EACF to observe gravity waves. On the le panel it is shown the imager system together with the observation ) and in the middle are presented to Oxygen lines. In the bottom part is the continuous Sunlight spectrum. In the bottom part is shown the continuous Sunlight spectrum. The Aurora emissions occur mainly at the Thermosphere. (Bageston et al., 2011a) . However, it also planned to use these temperature data in the future to carry out climatology studies of Mesospheric temperatures over EACF.
In 2010 an airglow imager system was re-installed at EACF with the purpose of observing mesospheric gravity waves in a systematic way at that location. is system operated at EACF till 2012, which is an identical system to the one installed in 2007 (Figure 4) , except for the CCD camera which was substituted due to technical issues. e small scale gravity waves (small horizontal wavelengths, λ h ~ 20-50 km) detected by airglow imagers are commonly generated in the lower atmosphere by meteorological phenomena, such as cold fronts, jet stream and cyclones, or by the combination of e ects of winds and the local orography (Fritts & Alexander, 2003) . Observations by means of airglow technique usually allow obtaining the horizontal wave parameters, i.e, the horizontal wavelength and phase speed, and its periodicity. Apart these parameters, also it is possible the identi cation of the waves propagation direction through cross-spectrum analysis. All these wave characteristics are useful as input parameters in the ray tracing modelling, which is a powerful tool used to investigate the wave sources at altitudes below or above the airglow layer where the waves are identi ed. Figure 6 shows dome and a forced air ventilation system installed to avoid condensation in the interior of the dome. On the right panel it can be seen the CCD camera in details, that is, the body of the camera and the telecentric system. e lter placed in this camera was designed to observe the near infrared airglow emission (NIR OH).
Results
From the standard images like the one showed in Figure 3 (B) it is possible to infer the temperature of the higher mesosphere (close to 90km). Each airglow image is taken at a temporal interval of approximately 1 minute in order to obtain one temperature value associated to each image. At the peak of the Antarctic winter (July-August) at EACF it is possible to obtain temperature time series with length of about 14 hours. An example of a nocturnal temporal series of temperature as obtained by the camera seen in Figure 3 is shown in Figure 5 , together with data from an atmospheric model (MSIS). It is possible identify in this data a good consistency between the observed temperature and the data taken from the MSIS model, indicating that for this speci c night the model was coherent with the observations. e use of the higher mesosphere temperature data together with wave observations at EACF have been undertaken recently Airglow system for the observation of mesospheric gravity waves. In the photo on the left the camera is the exact position for observations. On the right the camera is lowered from the dome and more details of the system can be seen. an example of atmospheric gravity wave observed in 2011 above King George Island (at Ferraz station). e bright crests identi ed in the images represent the maximums in the airglow intensity. e airglow intensity is modulated (showing light and dark regions) due to the passage of gravity wave. In these images the stars and the Milky Way are not visible due to the usage of the temporal di erence images (TD image) technique, making evident the waves in the images.
Other examples of mesospheric waves observed at Ferraz station are described in previous studies (Bageston et al., 2009 (Bageston et al., , 2011a . In this later study it was demonstrated, through experimental evidence, equivalent importance of the wind and temperature in the con guration of the necessary and adequate conditions for the propagation and maintenance of mesospheric fronts in the upper atmosphere.
Discussion and Conclusion
We should emphasize that apart of the optical instruments operated at EACF, used to observe the mesosphere, a meteor radar was installed in 2010 with the aim of observe the horizontal winds in the upper mesosphere and lower thermosphere (~80-100 km high). Beside the winds obtained by the meteor radar, this instrument has several other capabilities, such as the count of the number of meteors per hour/day, allowing studies of their variability and probable origin. is instrument also permits studies of the momentum ux variability due to gravity waves activity in the mesosphere and also is able to obtain the average daily temperatures in the meteoric region. us, the simultaneous operation of the meteor radar with the airglow cameras will allow the development of pioneer studies in the region of the Antarctic Peninsula. e optical observations of airglow at di erent sites (for example: EACF, Rothera and Tierra Del Fuego) can permit a better understanding of the dynamics of gravity waves, including its generation and propagation, in the region of the Antarctic Peninsula in the South of South America.
Regarding to the continuity of the observations and monitoring of the upper atmosphere at EACF, the installation 
